INTRODUCTION
It is the aim of the present paper to determine spreading pressures of water and n-propanol on polytetrafluoroethylene, polystyrene, polymethylmethacrylate, polycarbonate, and glass from ellipsometrically measured adsorption isotherms. Adsorption isotherms can be recorded on flat, nonpowdered samples by ellipsometry, measuring the adsorbed layer thickness as a function of the vapor pressure as has previously been described by Adamson et al. (1) (2) (3) . Adamson et al. measured isotherms only at relative vapor pressures above 0.5 to 0.6 and employed a potential distortion model together with measured contact angles to derive values for the spreading pressures.
In the present work the use of a potential distortion model is avoided by measuring at relative vapor pressures between 0 and 1.1. Spreading pressures are subsequently calculated by direct graphical integration of the isotherm as 7re = -kB" T I'-d(ln p) where a-e is the spreading pressure, P is the vapor pressure, P0 is the saturation vapor pressure, T is the temperature, and P is the number of adsorbed molecules per unit area.
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Smooth surfaces of PTFE (polytetrafluoroethylene), PS (polystyrene), PMMA (polymethylmethacrylate), PC (polycarbonate), and glass were prepared by grinding and polishing the plate materials, without heating the solids. Prior to each adsorption run samples were kept for 1 h at 10 -3 Tort.
The water employed in this study was of high purity as required for atomic absorption analysis, n-Propanol was obtained from Merck (analytical grade).
Determination of adsorption isotherms. The adsorption experiments were carried out in a double walled, stainless-steel vessel, packed in rockwool. A thermostatically controlled water flow between the two vessel walls provided a temperature control of a few hundredths of a degree per degree variation in room temperature.
The vessel was connected with a liquid/saturated vapor reservoir. By varying the temperature of the reservoir the pressure in the vessel could be adjusted. The pressure was measured with a differential pressure transducer 142 PC 01 (Micro Switch).
Adsorption isotherms were determined by means of ellipsometric measurements as described by Tadros et al. (1) . The ellipsometric parameters 2x and • were determined at a wavelength X = 6328 A with a so-called nulltype ellipsometer.
2x and • could be measured with an accuracy of 0.004 ° and 0.002 ° , respectively, but the reproducibility of the experiments was far less. Therefore most adsorption isotherms were recorded several times.
Homogeneous adsorption. In this study the Drude approximation (4), valid if the adsorbed layer thickness is less than the wavelength of the incident light, is used throughout. In the Drude approximation the changes 6A and 6,I~ are linearly related to the adsorbed layer thickness: 6A = ~'. s 121 ~ = n" s [3] where • and n are both complicated functions of the complex refractive indices of the vapor, the adsorbed layer, the solid substrate, the wavelength, and the angle of incidence. Since ~ was negligible, 62x was usually the only one measured. Assuming that the aggregates form spherical islands having the macroscopic contact angle 0 with the substratum and that they are arranged in a hexagonal array of touching islands (see also Note that VL is independent of the film thickness. From VL, the effective complex refractive nr of the heterogeneous film, can be calculated using the Maxwell-Garnett formula (5, 6)
Subsequently nr can be employed to derive a new parameter, j', which inserted in Eq. [2] yields a new layer thickness s. The number of adsorbed molecules in such an adsorbed film is now given by s
= VL-~. [7]
RESULTS Transforming the measured ellipsometric parameter 6A into an adsorbed layer thickness provided unexpected difficulties, because for some polymers the 6A changes could not be explained by pure adsorption only, as shown also by 3xIt changes. Desorption experiments gave a clear indication of a small absorption together with the adsorption under study. Furthermore, it was observed that the polymer chains at the surface stretch after vapor pressure increase (7) yielding an unexpectedly slow equilibration of the system, before reversible adsorption of vapor molecules was observed.
In all cases A values of the polymer surface with absorbed material present and with the polymer chains stretched, were taken as a reference for the clean surface. In Fig. 2 some thus obtained adsorption isotherms are shown.
If the homogeneous adsorption model was applied on PTFE and PS, irrealistically thick layers and high values for the spreading pressures were obtained, this indicated that in these cases a heterogeneous adsorption model is valid.
In order to apply the description of the heterogeneous adsorption model, estimates have to be made of the volume fraction adsorbate in the heterogeneous film.
First, spreading pressures derived from graphical integration of the adsorption iso- therm were plotted as a function of the volume fraction adsorbate VL (Fig. 3) . It can be seen, that the influence of heterogeneities in the adsorbed film is smaller for n-propanol on PTFE, due to the low contact angle and the large difference in refractive index of n-propanol and PTFE.
Assuming that the heterogeneously adsorbed film consists of touching, adsorbed spherical islands in an hexagonal array having the macroscopic contact angle as presented in Table II Generally, adsorption from a liquid droplet giving rise to spreading pressures will occur if the free energy of the system is thereby reduced. This will occur when the condensed vapor has a surface free energy lower than that of the substratum. Spreading pressures can be determined by several methods (13) such as vapor adsorption isotherms (as done in this study), surface tensions of liquid substrata, and contact angles on solids (as we did previously, see Ref. (8)). A compilation of data for various systems presented by Wu (13) shows that in general spreading pressures are negligible when the contact angles are large, but can be appreciable when the contact angle approaches zero. Opposite results were reported however by Adamson et al. (1, 2) , who showed that spreading pressures could become as high as 8.8 erg. cm -2 for water on PTFE, despite the fact that the contact angle is high. This result, obtained by essentially the same ellipsometric technique as employed in this study, compares well with data for water/PTFE presented in this study (see Table I ). The high spreading pressures for systems with large contact angles as found by Adamson et al., were denoted by Wu (13) as anomalies caused by the presence of porosity or hydrophilic sites (introduced during sample preparation) on the solid.
In the present study, absorption of liquid in the solid was accounted for in the evaluation of the ellipsometric data, while during sample preparation no heating was applied in order HzO/CH3CH2CH2OH SPREADING PRESSURES ON POLYMER SURFACES to try to avoid creation of hydrophilic sites, Although this study shows that spreading pressures are highest in systems with the lowest contact angle, spreading pressures were not found to be zero for systems with a high contact angle, in correspondence with data presented by Adamson et al. (I, 2) .
A method has been published recently (8) , which enables the approximation of solid surface free energies as well as of spreading pressures from contact angles. The method is essentially based on least-square fitting of contact angle data from water, water/n-propanol mixtures (up to 40 wt% n-propanol), and a-bromonaphthalene to the geometric mean equation (9, 10): cos 0 = -I + 2(3'~" ,.,yd)l/2 ,,y11 + 2(r~. ~)1/2. r;1 _ ~re-~;1 [8] where: 3% 3'~, and 3,s p are the solid surface free energy and its dispersion and polar components, respectively, 3'1, 5'1 d, and 3'~ are the liquid surface free energy and its dispersion and polar components, respectively, and 7r¢ denotes the equilibrium spreading pressure.
The major assumptions underlying the method are associated with the spreading pressure term. It was argued that neglect of this term leads to the determination of the solid-vapor interfacial free energy %v, while taking the spreading pressure into account as a constant, which is assumed to be independent of the n-propanol content of the liquid mixtures used, yields the solid-air interfacial free energy "rs and a separate spreading pressure term ~re.
The spreading pressure of the apolar ~-bromonaphthalene was assumed to be zero in Eq.
[8] (9), enabling direct calculation of 3'~ from the a-bromonaphthalene contact angle.
The authors have employed the above described method to various types of surfaces and noted that the 3'~v values obtained were always smaller than 70 to 75 erg. cm -z and in accordance with literature data. The % values obtained however could be as high as 100 to 140 erg. cm -2 for surfaces as fluorapatite or glass, values which are definitely reasonable compared to literature data (11, 12) . The difference between % and 3'sv equaled in all cases the calculated values for the spreading pressure, as it should according to the basic laws of thermodynamics.
Although the contact angle data supported the assumption, that 7re is independent of the propanol content of the mixtures (correlation coefficients of the data to Eq. [8] were generally higher than 0.97), the exact thermodynamic meaning of the spreading pressure values obtained from the contact angles is not clear, since it is not known whether it belongs to water on the solid substratum, n-propanol, or a mixed adsorbed layer of water and n-propanol. In this respect, it is interesting to compare values for the spreading pressures of water and n-propanol with values determined in the above described way (see Table II ).
In Table III spreading pressures obtained from graphical integration are compared with the spreading pressure value obtained from contact angles with water/n-propanol mixtures. In all cases the values obtained are comparable, except for glass, on which n-propanol exhibits a far lower spreading pressure than water. The spreading pressure value, obtained from contact angles with water/n-propanol mixtures on glass, however, falls very well be- tween the values for the pure components. Although the exact thermodynamic meaning of the spreading pressures from contact angles is obscured due to the uncertainties concerning preferential adsorption of n-propanol or water, the above comparison strongly indicates that the spreading pressure values from contact angles are quite realistic. Furthermore, this study shows that although the spreading pressures for water and n-propanol are not identical, the variation is small.
Especially when using water/n-propanol mixtures (up to 40 wt% n-propanol) as wetting agents the spreading pressure term in Eq. [8] may therefore be considered as a constant. Since the numerical value of spreading pressures may be appreciable it is not allowed to neglect the influence of the spreading pressure term if solid surface free energies are calculated from contact angles.
APPENDIX: COMPARISON OF VARIOUS METHODS TO DETERMINE SURFACE FREE ENERGIES FROM CONTACT ANGLES
It is interesting to compare various methods to derive solid surface free energies from contact angles and to study the effect of including spreading pressures in the calculations. An advantage of the approach recently outlined (8) , and mentioned in this paper, is that it takes spreading pressures into account, a severe disadvantage being the use of liquid mixtures, which has the possibility of showing preferential adsorption at the various interfaces (3, 13) . One of the most commonly applied methods to derive surface free energies is the equation of state approach, this enables the determination of the surface free energy of a solid from contact angle measurements with only one liquid (14, 15) . Results for the five substrata used in this study based on measured water and a-bromonaphthalene contact angles are summarized in Table IV . These surface free energies are in fair agreement with literature data cited by Wu (13) , it is disturbing however that different values for the surface free energy are obtained from the water contact angle and from the a-bromonaphthalene contact angle. This may well be related to the fact that water will exhibit different spreading pressures on the substrata than o~-bromonaphthalene. A second commonly applied method is the use of Eq. [8] neglecting the spreading pressure term and inserting contact angles with two pure liquids (10, 16) . Results based on the water and a-bromonaphthalene contact angles are summarized in Table V . The data in Table  V appear consistent either with ')/sv, H20 or 3's .... br values presented in Table IV or with literature data cited by Wu (13) .
An elegant approach for deriving surface free energies from Eq. [8] without neglecting spreading pressures and without employing liquid mixtures is offered using the ellipsometrically measured spreading pressures for water. Once 3,s a is calculated from Eq. [8] by inserting the a-bromonaphthalene contact angle while neglecting the polar interactions and the spreading pressure term, the %0 can be calculated from Eq. [8] by inserting the water contact angle, the calculated 3'~, and the ellipsometricaUy measured spreading pressure for water. Results are summarized in Table  VI . The numerical values are generally higher than cited in the literature (13), being comparable for PTFE and being extremely high for glass. Both Table VI as well as Table II show elevated surface free energies 7s compared to literature data, though the results in Table VI and Table II are not in complete correspondence with each other. The ex- tremely high surface free energy 3's of glass in Table VI is probably due to the use of the high water spreading pressure, measured on ultraclean glass (in vacuo!).
This comparison of surface free energies derived by various methods, carried out for a limited number of solids, shows that there is a broad correspondence between surface free energy values calculated from contact angles neglecting spreading pressures (Tables IV and  V) and literature values from polymer melts, homologuous series, etc. (13) . Furthermore this comparison indicates that the inclusion of spreading pressures in the calculation of solid surface free energies from contact angles, may become increasingly important if high energy substrata are to be investigated.
